1: Introduction
Location is always a definitive factor in determining the price of a property, where the price of properties in different locations hinges upon the perceived value of traveling time between home and the central business district (CBD), ceteris paribus. In particular, property value is negatively related to the distance from the CBD, as predicted in the monocentric city model developed by Alonso (1964) , Muth (1969) and Mills (1972) .
2 Given the rental differentials across different districts, one should be able to retrieve the time value associated with the commuting time, or the shadow wage, of an individual. This paper builds upon related literature by addressing the nexus between property values and the shadow wage. Both property value and shadow wages have long been studied in the past. For example, Stegman (1969) and Henderson (1977) examine the effect of environmental quality and location accessibility on property price. Nelson (1978) , as well as So, Tse and Ganesan (1997) , assess the effect of transportation on property price. Mahan, Polasky and Adam (2000) consider the relation of property price to urban air quality and wetlands separately. 3 Heckman (1974) examines the observed wage rate of women and the shadow price of time. However, the relation between shadow wage and property rental price has seldom been examined. This paper brings the two issues together to provide a new perspective on recovering the shadow wage from the property rental value in three major cities in Greater China, namely, Hong Kong, Shanghai and Taipei.
The rental value of a property depends mainly on two types of variables.
where X is a vector representing the characteristics of the property such as its age, 2 According to McMillen (2006) , although cities are becoming increasingly polycentric, modern urban areas still tend to be dominated by the traditional CBD. The monocentric model still has predictive value, even though the rate of decline in property values with distance from the CBD has fallen over time.
size and floor number, and t is the time cost variable reflecting the CBD proximity effect on property. Similar to Tse and Chan (2003) , traveling time from a property to the CBD, instead of distance, is used in this paper to measure its effect on property price. The estimated coefficient associated with the variable can be used to derive ratios of time values among different cities. The rest of the paper is organized as follows: Section 2 describes the data and provides the details of the measurement methods. Section 3 introduces the models and methodology used in the empirical research. Section 4 reports the results of different models. Section 5 concludes the paper and suggests directions for future research.
2: Data
The residential property rental markets (referred to as the property rental market hereafter) of the Greater China region, including Hong Kong, Shanghai and Taipei, are examined and compared. Unlike McMillen and Singell (1992) , who studied seven cities 4 in America, this paper focuses on three cities in Greater China because
(1) they are densely populated; (2) the public transport systems (i.e., the railways and buses) are the primary means of commute, and a precise measurement of commuting time is easily obtainable; (3) the cultural factors of these three Chinese cities are similar.
The CBDs in Hong Kong, Shanghai and Taipei are individually examined in this paper. 5 To limit the complexity of this research, a single leading CBD is selected in each city (Central in Hong Kong, Lujiazui in Shanghai and Xinyi in Taipei) based 4 McMillen and Singell (1992) studied Cleveland, Columbus, Dayton, Detroit, Indianapolis, Philadelphia and Pittsburgh in America. 5 All the three cities in our sample have a single CBD. Although the Hong Kong government plans to turn Kowloon East into the second CBD, the most important business district will remain in Central (http://www.scmp.com/article/981836/planners-think-big-kowloon-east on the official recognition of the district and consensus among real estate consultants.
A concentration of the city's landmark buildings in the selected district serves to further support its leading role as a commercial district.
The property market is composed of the rental market and sales market.
Property buyers can be either end-users or investors, while tenants are mostly genuine end-users. Unlike Tse and Chan (2003) , who focused on the private property sales market and its prices, this paper only uses information from the private property rental market in order to exclude the influences of speculation in the property market.
Most people in Hong Kong and Shanghai travel to the CBD by public transportation, since private motor vehicle ownership in these two cities is relatively low due to expensive and limited parking spaces in the CBD, high gasoline taxes and import duties on motor vehicles. 6 In Taipei, private vehicle ownership is higher, with one out of four people owning a private car and one out of two people a motorcycle.
Nevertheless, average daily ridership on the mass transit railway in all three cities is high. 7 Compared with alternative public transport systems, the railway provides the most accurate and reliable information on commuting time. Properties atop or adjacent to the railway stations are sampled for a precise measure of commuting time, whereas those beyond walking distance from the railway stations are excluded from our study due to measurement difficulties. Since residents in our sample are self-selected to live close to the railway stations, it is reasonable to assume that they do so for easy access to the CBD. Thus, our sample group has a much higher chance of working in the CBD than others who live in less convenient area. This self-selected sample also eliminates the potential bias of people traveling by private vehicle, since people living very close to the railway stations are more likely to use public transport instead of driving.
The information on vector X representing the characteristics of the property (i.e., 
3: Models and Methodology
Two linear models are employed in the current research: a specific model and a comparative model. Since more information on the Hong Kong property rental market is available, a specific model is constructed for Hong Kong, while a comparative model with fewer specified parameters is used for the markets in Shanghai and Taipei where there is less information.
Specific Model
The specific model is constructed as follows: The floor dummy variables, high and medium, are used to demarcate the general height of the floor instead of using the exact floor number.
The "famous school effect" must be accounted for because the residential location of students is an important factor in school admissions. Living in districts within the vicinity of prestigious schools generates a greater chance for the children therein to be accepted into that school, which affects property price. As a result, the famous school ratio is applied to differentiate districts with more of these schools.
The ratio is defined as follows: properties. The DMI is applied to measure the wealth effect in different districts, as the household income and purchasing power vary among districts.
In this paper, eight dummy variables are used to capture the developer effect.
15 Table 2 presents the summary statistics of the three data sets. 13 In Hong Kong, there are three bandings that represent the ranking of secondary schools, with band one schools being the most prestigious and considered to be famous schools. 
Comparative Model
The major regressors remain in the comparative model to evaluate the property rental markets in those three cities; however, the minor regressors in Shanghai and
Taipei markets are removed because of insufficient information. The comparative model is constructed as follows: Tables 3 to 5 show the summary statistics of the three data sets in the comparative models in Hong Kong, Shanghai and Taipei, respectively.
Estimation of the Household Time Value and the Household Shadow Wage
The regression coefficient for travel time (β 7 in the specific model for Hong Kong or β 6 in the comparative models for Shanghai and Taipei) is estimated. This time coefficient measures the additional property rental price that the households are willing to pay in order to live closer to the CBD, and for every minute saved on travel per month. Equations (5) and (6) indicates how much a household is willing to pay, which comprises the transportation cost and household time value, in order to save a minute of travel time.
In Equation (7), transportation cost 17 is calculated as the mean of the traveling cost divided by the travel time from each station to the CBD.
Since the information on the number of family members per household is unavailable, the time value, shadow wage and estimated monthly income from the time coefficients are calculated on a household basis. The household time value can be obtained by deducting the transportation cost from the left-hand side of Equations (5) and (6). The obtained household time value is calculated on a minute basis. The household time value is multiplied by 60 in order to measure the household shadow wage on an hourly basis, as shown in Equation (8):
Household shadow wage = 60 × household time value (8) In Equation (9) Table 6 .
4: Results
The results of the specific model and the comparative model are shown in Sections 4.1 and 4.2, respectively. Table 7a illustrates the estimation results for all three data sets of the specific model in Hong Kong. To check for robustness, we also estimate a model without the developer dummies in Table 7b . The estimated time coefficients are close to those in Table 7a . The coefficients for the time variables in all three data sets are statistically significant at the 1% level. A negative sign indicates a negative relation between the property rental price and the travel time between the property and the CBD, i.e., the shorter the travel time, the higher the property rental price. This finding confirms the hypothesis made in this paper and the results obtained by Tang (1975) , and Tse and Chan (2003) . The willingness of households to save travel time to and from the CBD by paying a higher rent to live in a property closer to the CBD is shown in the coefficients. in the all-property data set, small and mid-size property data set, and luxury property data set are -145.6, -147 and -392.4, respectively. This shows that for the all-property data set, households in private properties are willing to pay HK$145.6 each month, on average, in order to save a minute of their travel time, or around HK$2912
Results of the Specific Model
(HK$145.6x20) more to stay in a property that reduces travel to the CBD by 20 minutes. Similarly, by using the time coefficients for the small and mid-size property data set and the luxury property data set, it is shown that households are willing to pay an additional sum of HK$2940 (HK$147x20) and HK$7848 (HK$392.4x20),
respectively, for a property where it takes 20 minutes less to travel to the CBD.
Given that the average working days per month and the transportation cost per minute in Hong Kong are 25 days and HK$0.5556, respectively, Equation (5) can be used to calculate the time value and the shadow wage of Hong Kong households in the three data sets. Based on the all-property data set in Hong Kong, the household time value is HK$2.36 per minute, so the household shadow wage is on average HK$141 per hour. By multiplying the average working days per month and the average working hours per day, the estimated monthly income of a household living in private property is HK$30,398.
The regressors, age and age 2 , are added to obtain the quadratic shape of the property age effect on the property rental price. As shown in Table 7a , the values of β 3 , which are all significant at the 1% level, are negative in all three data sets. β 3 also shows an inverse U-shape relation between the property rental price and property age. In other words, properties built in an earlier period affect the rental price positively, whereas properties built later have a negative impact on the rental price. One explanation for the inverse U shape is that the usable area of newly constructed properties has declined significantly in recent years and is less preferred by households, while older properties with larger usable areas are favored. As a result, the property rental price increases in relation to increasing property age at an early stage. However, when the property is too old, the quality of the property is perceived to have declined, and the safety of the property is questioned. The turning point is when the perceived value of property starts to decline, which triggers a rental price downfall. The turning point can be obtained by setting
. As shown in Table 7 and Equation (11), the turning points of property age in the all-property data set, small and mid-size property data set, and luxury property data set are 20.9 years, 20.6 years and 15.4 years, respectively. Tables 9 to 11 show the estimation results of the comparative models of all three data sets in Hong Kong, Shanghai and Taipei, respectively. Similar to the specific model, the time variables of all three data sets in the comparative models of the three cities are 99% statistically significant.
Results of the Comparative Model
The relevant coefficients shown in Tables 9 to 11 Note that the coefficient of the time variable for Hong Kong in Table 7a is -145.6 in the specific model and -256.1 in the comparative model. The estimated coefficient of TIME of the specific model should be more precise than the one from the comparative model because more variables are used in the former. To check for robustness, we also estimate a model without the developer dummies in Table 7b .
The estimated time coefficients are close to those in Among these three cities, the value of travel time is highest for people living in Hong Kong, because they are willing to pay more to live closer to the CBD.
The household shadow wage ratio among the three cities remains at 2.25: 1:
1.61, as it is obtained by multiplying the corresponding household time value by a fixed number, 60, for all three cities. Nevertheless, the estimated monthly household income ratio is 2.78: 1: 1.70, as the two key components, the average working days per month and the average working hours per day, vary among the three cities.
Therefore, the estimated monthly household income of Hong Kong and Taipei is 2.78 but positively at a later stage. The negative relation before the turning point in this U-shape pattern can be explained by households who prefer newer flats to other similar-quality properties. The positive relation after the turning point in the U-shape pattern of the Taipei market can be explained by the proximity of the properties constructed during earlier decades to the CBD. Households prefer these earlier-constructed properties due to their location. Consequently, property rental prices start to increase when the property age reaches the turning point. Taking the all-property data set as an example, the turning points of property age in the Hong Kong and Taipei markets are 19.36 and 21.61 years, respectively. and 1.70 times that of Shanghai, respectively. In order to verify the validity of this ratio, the ratio is then used to compare with different salary indexes of these cities. Table 13 illustrates the average salary levels of various occupational sectors. 20 The salary comparison ratios of the selected occupational sectors in the three cities are then calculated based on the salary information in Table 13 and the resulting ratios are presented in Table 14 . Tables 13 and 14 show that among the three cities, when comparing the same sector, Hong Kong has the highest salaries on average and Shanghai has the lowest. The salary comparison ratios are consistent with the estimated monthly household income ratio and reflect the general situations in Hong Kong, Shanghai and Taipei.
5: Conclusion
The central business district (CBD), where most of the commercial offices are located, plays a critical role in the economic development of a city. Most people prefer to live close to the CBD to save on commuting cost and time. Since the rent that an individual is willing to pay depends on the value of the time saved from shortening their commute, the distance between the property and the CBD is an important determinant of property rental rate. The closer a property is to the CBD, the higher its rental value. This paper examines how the rental differential between two locations in a metropolis is determined by the time value of a household. The rental information on properties atop or adjacent to the railway stations in the CBDs (2000) may be used to analyze whether there is an income level above which the coefficient of the time variable will have a substantial increase. 
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Note: Famous school ratio is a ratio between 0 and 1, which is calculated by dividing the number of band one schools in that district by the total number of schools in that district.
Data source: Schooland (http://www.schooland.hk/ss/). "All" refers to the all property data set, "S & M" refers to the small and mid-size property data set, and "Luxury" refers to the luxury property data set.
Price denotes the property rental price; Age denotes the property age; Size denotes the property size; High is the dummy variable for high floor; Medium is the dummy variable for medium floor; Time denotes the travel time from the property to the CBD via the railway systems. Data Sources: Centaline Property (http://web.centanet.com/findproperty/) and Midland Reality (http://www.midland.com.hk/chi/). "All" refers to the all property data set, "S & M" refers to the small and mid-size property data set, and "Luxury" refers to the luxury property data set.
Price denotes the property rental price; Age denotes the property age; Size denotes the property size; Floor denotes the corresponding floor number of the rental property; Time denotes the travel time from the property to the CBD via the railway systems. For easy comparison, the property rental prices of the Shanghai market are converted to Hong Kong dollars by multiplying their average exchange rate from January 2011 to March 2011, whereas the size unit of Shanghai properties is converted from square meters to square feet. Data Source: Koofang (http://shanghai.koofang.com/). "All" refers to the all property data set, "S & M" refers to the small and mid-size property data set, and "Luxury" refers to the luxury property data set.
Price denotes the property rental price; Age denotes the property age; Size denotes the property size; Floor denotes the corresponding floor number of the rental property; Time denotes the travel time from the property to the CBD via the railway systems. For easy comparison, the property rental prices of the Taipei market are converted to Hong Kong dollars by multiplying their average exchange rate from January 2011 to March 2011, whereas the size unit of Taipei properties is converted from pyeong to square feet. Data Sources: Happyrent (http://happyrent.rakuya.com.tw/) and Twhouses (http://www.twhouses.com.tw/). 
